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The floors of Port Phillip Bay and Bass Strait were formerly 
portions of a continuous land surface joining Victoria with 
Tasmania. This land surface was drained by a river system of 
which the River Yarra was part, and was intersected by two 
orogenic ridges, the Bassian and King Island ridges, near its 
eastern and western margins respectively. With progressive 
subsidence and eustatic adjustment, these ridges became land 
bridges and the main route for the migration of the flora and 
fauna. At present, their former trend is indicated by the chains 
of islands in Bass Strait and the shallower portions of the Strait. 
The history of the development of the River Yarra is largely that 
of the former land surface and the King Island land bridge, and 
is the main theme for this discussion. 

The Yarra River was developed, for the most part, during the 
Pleistocene or Ice Age. In Tasmania, there is direct evidence of 
the Ice Age in the form of U-shaped valleys, raised beaches, 
strandlines, and river terraces, but in Victoria the effects of 
glaciation are less apparent. A correlation of the Victorian with 
the Tasmanian deposits and land forms, and, incidentally, with 
the European and American, can only be obtained by ascertaining 
the conditions of sedimentation and accumulation of such deposits 
in Victoria, as can be seen at the surface, or as have been 
revealed by bores, particularly those on the Nepean Peninsula; by 
observing the succession of river terraces along the Maribyrnong 
River; and by reconstructing the floor of Port Phillip Bay, King 
Bay, and Bass Strait, and interpreting the submerged land forms 
revealed by the bathymetrical contours. 

This contribution deals with the former courses of the Yarra 
River as a tributary stream to the trunk stream, the Tamar Major 
River, when the Yarra flowed over the land surfaces that are now 
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the Port Phillip Bay, King Bay, and Bass Strait Sunklands, and 
at different horizons in the dime accumulations on the Nepean 
Peninsula. King Bay is the name of the triangular portion of 
Bass Strait immediately south of Port Phillip Bay and north of 
a line bearing westerly through Cape Schanck; it is so defined in 
a sketch of Lieut. James Grant’s chart made by him in 1800, now 
in the historical collection of the Public Library of Victoria, Mel¬ 
bourne. This restricted application of the name was apparently 
realized by Boys (1935), who states that Grant named “the recess 
in the coast line to the south of Port Phillip Bay, Governor King’s 
Bay.” Grant’s name has since been abbreviated to King Bay. 

The valley of the Yarra and the Tamar Major Rivers during 
the Pleistocene or Ice Age has been reconstructed by connecting 
up the soundings on the Admiralty Charts into bathymetrical 
contour lines. Where the Admiralty has done this, as with the 
10 fathom line in Port Phillip Bay, the sunken river system shows 
up distinctly. Evidence as to the former channels through the 
Nepean Bay Bar was afforded by bores, particularly the Wan- 
naeue and Sorrento Bores. Briefly, before the middle of the 
Pleistocene, the Yarra flowed in a broad valley on a mature land 
surface as far, at least, as Cape Otway, and emptied into the 
Southern Ocean. Since then, due to the subsidence of the land 
surface and recurring rises of sea level, the broad valley and 
most of the higher ground that formed the watersheds have been 
flooded by the waters of the Southern Ocean, and the Yarra has 
emptied into the headwaters of King Bay or Port Phillip Bay. 

This investigation is one in the field of Victorian and Tas¬ 
manian Pleistocene geology and climatology. It discusses the 
land connections between Victoria and Tasmania during the later 
part of the Pleistocene and the alternation of cool and warm 
climatic periods. On the assumption that the Tasmanian animals 
migrated, for the most paid, from the Australian mainland, and 
some survivors of these migrations are still to be found on the 
Bass Strait islands, certain groups of the fauna and elements of 
the flora will be discussed from the standpoint of the evidence 
available as to the physical aspect of the former land connections. 

Port Phillip Sunkland 
/. Port Phillip Sunkland 

Port Phillip Bay is a land-locked bay, with a length of about 
31 miles from north to south and a breadth of 20 miles from east 
to west—it covers an area of about 735 square miles. Its eastern 
and western shores converge northwards, and north of Point 
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Gellibrand its headwaters are known as Hobson’s Bay. The 
pear-shaped symmetry of Port Phillip is varied by the Bellarine 
Peninsula to the south-west: along the north shore of this 
Peninsula, an arm, forming the Geelong Inner and Outer Har¬ 
bours, extends in a W.S.W. direction. There are several minor 
indentations in the shores of Port Phillip Bay such as Half Moon 
Bay, Davy Bay, Balcombe Bay, Dromana Bay, Swan Bay, and 
Altona Bay: a deep in the south-east portion is known as Capel 
Sound. 

Long stretches of the eastern shores are low and shelving— they 
consist mainly of littoral, alluvial, or delta deposits, which have, 
at places, been piled up as dunes, or scoured out as submarine 
ridges uncovered, it is thought, by the eustatic fall of sea level. A 
considerable portion of these littoral and delta deposits has been 
submerged by the tectonic subsidence of the Port Phillip Sunk- 
land. The bathymetrical contours of the submerged delta 
deposit at the head of Port Phillip show three outlets of the Yarra 
Biver—its present one near Williamstown, and two older ones at 
Port Melbourne and St. Hilda. Delta deposits also occur at the 
mouth of the Elsternwick Creek, between Mordialloc and Frank- 
ston, where they are fringed with dunes, at the mouth of 
Balcombe Creek, and between Mount Martha and Arthur’s Seat. 
On the northern shore of Corio Bay, east of Limeburner’s 
(Galena) Point, there are also delta deposits. On the eastern 
shore at Carrum, the shore of the delta deposits has advanced 
seawards which, according to Hills (1940) is due to uplift, not 
progradation. The coast is cliff ed between these low stretches of 
coast. 

The former shore line of the Inner Basin (Fig. 2) between the 
north end of Port Phillip Bay and Mordialloc is a down-warped 
coast; the undulating sedimentary beds exposed along that part 
of the shore were tilted seawards until they disappeared under 
the waters of the Bay. From this earlier shoreline, the present 
one has receded through erosion by the 2 knot current that sets 
from Hobson’s Bay, until it has reached its present position. 

From Frankston to Arthur’s Seat, the coast is due to the mono- 
clinal flexure known as Selwyn’s Fault. Here, too, the original 
shore-line formed by the tilting on the flexure has receded by 
foreshore erosion. The north shore of the Bellarine Peninsula 
consists of ferruginous sandstone, Tertiary basalt, limestone, and 
Pleistocene basalt; it is a fault coast (Coulson 1939) that has 
receded before the erosion of the tidal stream. 

The western shore of the Inner Basin affords a contrast to the 
eastern shore. For long stretches, it is flat and prograded; it is 
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FIG. 2. 

Bathymetrical Chart of Port Phillip Bay. 
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due to tlie gentle tilting on a warp inshore of the almost level 
surface of the Werribee Plains and Keilor Plains lava fields. 

The Inner JBasin north of the Nepean Bay Bar has a delta-form 
submerged level floor 78 feet below the surface of the Bay, and 
extending northwards for several miles; from this level floor, the 
Bay shallows northwards until the Yarra Delta on the north 
shore of Hobson’s Bay is reached. 

Port Phillip was surveyed by Commander Cox in 1861 and his 
chart, the groundwork of the present Admiralty Chart, and also 
of the bathymetrical chart (Fig. 2), was published in 1864. Cox’s 
original chart is now in the possession of the Lands Department, 
Melbourne. Since 1861, various portions of the floor of Port 
Phillip have been the dumping grounds for silt from dredges, 
hoppers, and barges; but Cox’s chart gives reliable information as 
to the nature of the original floor. By far the greater number of 
his soundings bottomed on mud. Those on the 78 feet level floor 
north of the Nepean Bay Bar bottomed, with a single exception, 
on mud or mud and shells, the exception being a bottom of sand. 
A short distance north of the Bay Bar, the bottom is mud or sand, 
sometimes with shells: the bottom of the 17-fathom scour hole is 
sand and shells. Out from the Carrum Swamp for about a mile 
the bottom is sand, but further out it is mud. Inshore along the 
precipitous granodiorite coast below Mount Martha, the bottom is 
sand but it quickly gives place to mud. At only one place in the 
central portion of the Bay is rock the bottom, namely, at 11 
fathoms Long. 144° 50' 12", Lat. 38° 0' 50". Westwards of the 
10 fathom line to the north-west shore of the Bay, and restricted to 
this portion, several soundings bottomed on stones. 

The question of the Decent emergence of the shores of the Bay 
has been discussed by Jutson (1931) and Hills (1940). Hills 
thinks that the date of emergence may be Becent, and that a 
eustatic fall of sea level may be suspected of having contributed to 
it; at Portarlington, Duck Ponds Creek, and between Sorrento 
and Dromana, however, he points out that there are deposits, 
indicating that, at least in part, the emergence was due to tectonic 
movements of uplift. 

II. Subsidence of Port Phillip Sunkland. 

The Inner Basin of Port Phillip Bay is a tectonic subsidence 
caused by tilting. It has been pointed out that the shore of Port 
Phillip Bay between Frankston and Dromana is a coast that has 
receded by erosion from the monoclinal flexure known as Selwyn’s 
Fault; this flexure has tilted the floor to the north-west. The 
tilting of the sediments between Hobson’s Bay and Mordialloc has 
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also been, referred to. Likewise, due to tilting, the Werribee and 
Keilor Plains lava fields shelve under the waters of Port Phillip 
along its north-western shore; this movement is believed by Keble 
and Macpherson (1946) to have occurred near the close of the 
Pleistocene on the Footscray Warp, parallel to, and a few miles 
inland from the north-west shore. The north-west and south-east 
tilts are suggested by a slight inclination of the delta terraces 
(Fig. 4). 


TRRACE TERRACE DELTA TERRACE TERRACE VlRTiCAl SC*lf 



The line along which the tilting met is beneath the waters of the 
Bay, probably along the Bellarine Fault (vide p. 95). 

The bathymetrical chart (Fig. 2) of the Inner Basin shows 
clearly that it is a sunk land—the submerged portion of the Yarra 
River System. The lower reaches of the tributaries that joined 
the lower Yarra are also clearly shown, and some of these join it 
on its delta. The tributaries from the west were the Werribee 
and Little Rivers, Kororoit Creek and the Skeleton Water Holes; 
from the east Mordialloc (sic), Kannanook, and other water¬ 
ways—the outlets of Dandenong Creek, Balcombe Creek, Dunn’s 
Creek and others. There are also valleys of streams that have 
ceased to function, their headwaters having been covered by 
basalt or dunes. 

The trunk stream flowed on to an extensive delta, the submerged 
level floor at 78 feet, north of the Nepean Bay Bar. The mud on 
the delta, as elsewhere on the floor of the Bay, has, presumably, 
been brought down by the Yarra and its tributaries during the 
glacial stage, or equivalent pluvial stage, and resorted by the tidal 
streams during the interglacial or postglacial stages; the thickness 
of the sediment on the delta must be considerable. 

The section (Fig. 3) across the floor of the Sunkland shows 
marine terraces 30 and 40 feet above the delta with a maximum 
width of 4£ and 2 miles ; respectively these surround the submerged 
delta except on the Nepean Bay Bar side, and extend northwards 
on both the east and west sides of the trunk stream, but some 
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distance away from it. It is considered that these marine terraces 
were developed in the land-locked embayment behind the Bay Bar 
at the level of the eustatic rise of sea level when the delta and the 
lower portion of the valley were submerged. At that level, they 
were cut into the unresistant slopes rising from the submerged 
delta and the streams flowing into it, so that, apart from the slope 
given to them by the tilting, their elevation is everywhere the 
same, being fixed by a former sea level. On the sunkland, vertical 
erosion due to eustatic fall of sea level was restricted to the actual 
channel of the trunk stream and its tributaries, as in tectonic up¬ 
lift ; terraces so formed were typical fluviatile terraces, in contrast 
with the marine terraces formed some distance from the channels. 

Concerning interglacial rises above present sea level, Daly 
(1934) suggests that the higher sea levels of the interglacial 
stages are represented by marine terraces at heights averaging 71 
feet and 118 feet. He also gives Cooke’s correlation (1932) of 
marine terraces and Pleistocene stages along the south-eastern 
shore of the United States. The Wisconsin (and Iowan?) are the 
North American equivalents of the Wurm and these only are 
given here: 


Terrace 

Altitude 

(meters) 

Observed extension 
as described 

Corresponding stage of 
Glacial Epoch 

Talbot 

Pamlico 

Prince 

Anne 

13’ (51 ft.) 
7-5* (29i’ft.) 

4 (15^ ft.) 

Delaware to Florida 

Maryland to Florida 

1st Wisconsin Glacial 

1st Wisconsin Interglacial 
2nd Wisconsin Glacial 

2nd Wisconsin Interglacial 
3rd Wisconsin Glacial 

3rd Wisconsin Interglacial 

4th Wisconsin Glacial 


Estimates of the interglacial rises from the marine terraces in 
Port Phillip Bay are, however, complicated by the down-tilting 
of the floor of the Bay. 

A first stage in the formation of marine terraces in Port Phillip 
Bay was that of the marine ridges at Altona which Hills (1940a) 
suggests may have been formed by the retirement of the waters of 
the Bay. The marine terraces surrounding the submerged delta 
have been modified to the extent that any ridges that may have 
been formed on their surfaces, have been planed out by wave 
action. Having been formed by the same eustatic adjustments 
that formed the fluviatile terraces in the Maribymong River, they 
probably belong to the Braybrook and Maribyrnong Cycles of 
erosion. 
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Nepean Bay Bar 

III. Evidence of Sorrento, Wannaeue and Other Bores on Nepean 
Bay Bar. 

The Sorrento Bore (Fig. 5) was put down in 1910 by the 
Geological Survey of Victoria, on the Nepean Peninsula at the 
north-east corner of the Sorrento Recreation Reserve (Water 
Reserve, allot. 6A, Parish of Nepean), the bore site being 10 
feet above sea level. The reduced levels of this and other bores 
are given here with the letters L.W.M.—low water mark Hobson’s 
Bay—the datum usually adopted in Victoria. Incidentally, it 
may be mentioned that all deductions as to tectonic or other 
movements are based on L.W.M. 

The drilling of the Sorrento Bore was done partly with a 
calyx bit to obtain a core, and with a core barrel when the sedi¬ 
ments were uncompacted. Core samples were obtained at the 
depths indicated by Chapman (1928) in his report on the palaeon¬ 
tology of the bore. It was put down, as Chapman states, on the 
downthrow side of Selwyn’s Fault and gives, according to him, a 
“succession of the Tertiary beds in the most complete form obtain¬ 
able, since in no other spot would there be such a continuous and 
extremely thick deposit of practically the whole Tertiary Series.” 
Hitherto, the information available as to the age of the Upper 
Dune Series, the surface deposit of the Nepean Peninsula, was 
meagre. A small portion of the Nepean Bay Bar—that eastwards 
for a few miles from Point Nepean—came into Quarter Sheet 
29 N.E. surveyed by Daintree in 1861, who, following the advice 
of McCoy, mapped it as Newer Pliocene. The major part of the 
Quarter Sheet covers an area west of The Heads, and shows that 
the Upper Dune Series extends across that fairway. Daintree 
(1861-2) states in his report on the sheet that a skull of a wombat 
was found while the face of the cliff at Queenscliff was being 
removed. There is no doubt that the skull and lower jaws of an 
extinct Eared Seal described by McCoy (1877) as Arctocephalus 
williamsi came from the Upper Dune Series at Queenscliff. Dr. 
Williams, who sent it to McCoy, stated in his letter “it was found 
5 feet below the surface in what was described as marl and sand¬ 
stone, overlaid with limestone and sandy loam”: dune limestone 
is the only calcareous bed that occurs at or near the surface in 
this part. With it w r as found the remains of an extinct wombat 
Phascolomys pliocenus (McCoy) and the Tasmanian Devil Sar- 
cophilus ursinus (Harris), now extinct in Victoria but still living 
in Tasmania. McCoy (1877) states that Arctocephalus williamsi 
was found in the dune area at Cape Otway, but does not say in 
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what association. Other mammals found at Queenscliff were the 
seal Otaria forsteri Lesson, and, in a cave, the dingo, Ganis dingo 
Blumenbach. 

Gregory (1901) recorded an extinct kangaroo from near 
Sorrento. The fossil was in the consolidated dune rock (Upper 
Dune Series) between tides and, according to him, probably 
Palorchestes azael (Owen). 

Chapman (1919) identified a number of forms found in a shell 
marl in the Tootgarook (Boneo) Swamp, which rests on the Upper 
Dune Series, and listed both marine and freshwater species. These 
were, Peleeypoda: Erycina helmsi Ilcdley; Gasteropoda: Coxiella 
striatula (Menke) and Bullinus acutispirci Tryon; Crustacea: 
Cypris mytiloides G. S. Brady, C. sydneia King, C. tenuisculpta 
Chap., Gandoncypris assimilis Sars., Cythere lubbockiana G. S. 
Brady and Limnocythere sicula Chap. He considered the presence 
of marine shells indicated some antiquity—a Pleistocene age. 

The core of the Sorrento Bore gave a record of the strati- 
graphical sequence of the Holocene and the Tertiary beds on the 
Nepean Bay Bar down to 1680 feet, and made it possible to 
correlate outcrops in other parts of the Port Phillip area. 
Nevertheless, as the samples were taken at intervals—some of 
them as far apart as 40 feet and others less than 10 feet, the 
average distance apart being about 20 feet—it constituted an 
imperfect record, not only of the Holocene and Tertiary succes¬ 
sion, but of the events leading up to, and connected with, the 
formation of the Bay Bar. Since, too, in the Holocene part of the 
bore, many of the fossils are foraminifcra, a doubt arises, where 
the containing beds are intercalated with dune deposits, which here 
predominate, as to whether these tiny forms were not blown in by 
wind. There are some beds with a recorded fauna of one or two 
foraminifcra, and perhaps an equally small polyzoan. 

Chapman’s descriptions (Chapman 1928) of the Recent, 
Pleistocene, and transitional Pliocene (Werrikooian) core samples 
are as follows: 


Depth in 
Feet 


67 

112 

130 

167 

178 

207 

226 


Loose calcareous sand. 

Dune-rock. 

7 ? 7 ? 

77 7 ? 

75 77 

Shallow water limestone with (marine) bivalve and gasteropod shells, 
indet. 

Consolidated dune-sand (dune-rock). 


79 


269 


275 

298 

324 

343 

388 

397 

408 

416 

430 

438 

445 

460 

476 

489 

490 

503 


520 
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Limestone of shallow-water origin. Structure, porous, and with 
ferruginous staining. Some occasional mica flakes.' Numerous easts 
of bivalves, indet. 

Liver-coloured clay. Residuum after washing, a fine, ferruginous sand 
with a few quartz particles. 

Calcareous dune-rock. 

Calcareous quartzose sand and grit. 

yy yy yy y t yy 

A fine-grained dune-rock. 

A liver-coloured clay interbedded with micaceous and sandy mud. 
Dune-rock with occasional shells. 

Dune-rock. 

yy yy 

yy yy i 

Consolidated shelly beacli-sand with bivalves. The intercalated clay 
particles or silty layers contain foraminifera. 

Ochreous sandy clay. 

Grey calcareous sandstone; actually a consolidated foraminiferal sand. 
A dark, estuarine clay. 

Ash-coloured clay. The residuum, after washing, is a fine white quartz 
sand. There are no microzoa. 

Ochreous sandy clay. The residuum, after washing, consists of an 
angular and subangular quartz sand, with some ochreous particles. 
No organisms present. 

Consolidated ferruginous and calcareous sandstone, largely composed of 
microzoa. None determined. 


The dune-rock in the Sorrento Bore from the surface to 178 
feet is referred to as the Upper Dune Series. This series having 
been deposited on a surface of fluviatile erosion varies in thickness; 
in the Wannaeue Bore No. 4 it is 153 feet thick and in the 
Queenscliff Bore 178 feet thick. The Dune Series in the Sorrento 
Bore from 408 feet to 438 feet, but probably of greater thickness, 
is referred to as the Lower Dune Series. 

Chapman gives a classified list of the fossils in the Sorrento 
Bore with their depths. He determined many thousands of 
species comprising Foraminifera 185 species, Coelenterata 20 
species, Vermes 3 species, Echinodermata 77 species, Mollusca 257 
species and Arthropoda 69 species. 

The following conditions of sedimentation and accumulation 
are suggested by Chapman’s descriptions of the core samples: 

1,680-585 feet. Highly fossiliferous marl, sand rock, and sandstone, with the 
sandy beds predominating in the upper limits. This is taken 
to indicate a gradually shallowing open sea. 

585 feet. The summit of the Pliocene. The core was a shell sand with 

grit and pebbles which with microscopic shells were polished 
by wind action. Chapman says that they indicate shallow 
water and strand line conditions. 

503-490 feet. An unfossiliferous clay, representing, presumably, the deepest 
fresh-water beds in the bore. 
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489 feet. An estuarine clay resembling that now forming at the mouths 

of Victorian rivers. 

476 feet. A consolidated foraminiferal sand with many species of fora- 
minifera and ostracoda indicating an open sea. 

445 feet. Shelly beach-sand with bivalves and foraminifera in inter¬ 
calated clay particles and silty layers. In this sample Ostrea 
sp. Avas found. 

438 feet. Dune-rock. This is the lowest occurrence of undoubted 
terrigenous and dune conditions. Such, interrupted by occa¬ 
sional estuarine deposits, persist to the surface. 

In regard to the surface beds, Chapman assumes that the loose 
calcareous sand down to a depth of 67 feet represents the Holocene 
—an assumption based on physical rather than palaeontological 
evidence, and consequently unsound. In restricting the down¬ 
ward limit of the Pleistocene to 489 feet, he relies on fossil species 
that are still living in adjoining waters and is on safer ground. 
The dune-rock, in its sporadic occurrences, is consolidated, he 
states, exactly like the old Sorrento limestone, and, it may be 
added, like that reached by the bores put down on the sand banks 
in the Bay ( vide p. 87) and in the cliff at Queenscliff. It therefore 
extends across the whole width of the Nepean Bay Bar. 

Below 489 feet there is, to quote Chapman, “no tangible 
palaeontological evidence on which to work in regard to the 
delimitation (of the Werrikooian), but in lieu of better evidence, 
we have taken the depth from 490 feet down to 520 feet as probably 
comprised in this series ... In the present series allocated 
provisionally to the Werrikooian at the depth above indicated, 
the nature of the deposits . . . show a good deal of relationship 
to the Pleistocene.” This delimitation of the Werrikooian is 
mentioned because surface beds near St. Leonards may be 
Werrikooian. 

His correlation of the beds at 585 feet with the Pliocene (Kalim- 
nan) is sound. 

The Wamiaeue Bores comprise eight bores (Fig. 2) put down 
along the E.b.S. boundary of the Nepean Bay Bar about 8 miles 
E.S.E. of the Sorrento Bore. Bore No. 1 Wannaeue is on the 
upthrow side of Selwyn’s Fault, No. 2 to 7 Wannaeue and No. 2 
Fingal on the downthrow side and consequently on the Nepean 
Bay Bar. No. 4 Wannaeue which was started about 20 feet 
above sea level has here been selected for a correlation with the 
Sorrento Bore. In it, as in all others put down at the time, 
samples were taken throughout the depth bored—there were no 
intervals as in the Sorrento Bore—and the core was examined by 
the author as it was brought to the surface. 
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The dune limestone was of different degrees of hardness but 
always a consolidated dune-rock. It consisted predominately of 
calcareous material with 71 to 81 per cent of CaC03; the remainder 
consisted mostly of rounded siliceous sand. The dune sand was 
unconsolidated, and had to be bored with a core barrel; no analyses 
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Tabular comparison of the Wannaeue and Sorrento Bores. 
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were made of this, but it apparently approximated to the dune 
limestone. In the hands of sand, and to some extent in those of the 
dune limestone, the shelly matter represented for the most part 
fragments of small bivalves. The shells were derived from a 
pre-existent bed-dune rock or some bed on the Bay Bar disinte¬ 
grated by wind action, or resorted by wave action following 
eustatic rise of sea level similar to the sands above the dune-rock 
on the shoals of Port Phillip (Fig. 6). 

In Bore No. 4 the first notable change in sedimentation comes 
in at 153 feet (L.W.M.), the base of the Upper Dune Series; from 
this depth to 210 feet (L.W.M.) there are marine and terrigenous 
clays intercalated with which, at 170 feet (L.W.M.) and 186 feet 
(L.W.M.), are hands, respectively 16 feet and 17 feet 6 inches 
thick, of what the drill foreman has termed “drift,” actually 
material “drifted” in from outside the area of the Bay Bar. This 
marine and terrigenous series rests on a dune series extending 
from 210 feet (L.W.M.) to 256 feet (L.W.M.) which rests on 
heavy drift reaching to 262 feet (L.W.M.), the depth at which 
the bore stopped. 

In Bore No. 1 Wannaeue no dune rock was met with indicating 
that the Upper Dune Series is restricted to the downthrow side 
of Selwyn’s Fault. 

Bore No. 1 Paywit (Fig. 5) was put down on the Bellarine 
Peninsula on the relative upthrow side of the Bellarine Fault. It 
started (Geol.-Surv. 1923-30) in a bed of clay 13 feet thick, and 
passed into a dune series consisting mainly of dune limestones 
and sands which continued for 118 feet. It then passed through 
clays, with ironstone hands, for 14 feet and sandy and ligneous 
clays for 255 feet to a depth of 400 feet. 

The Queenscliff Bore (Fig. 5) was put down about 1860 on the 
Queenscliff Peninsula, about a mile north of Shortland Bluff. It 
reached a depth of 470 feet and according to Daintree (1861-2) 
passed through 178 feet of dune limestone which, with the 42 feet 
above it in the cliff, made a total of 220 feet. 

TV. Tideways and Channels Through Nepean Bay Bar. 

The essentials for the formation of the Nepean Bay Bar in 
its present form were: 

(a) The former existence of an open hay—the headwaters of 
King Bay. 

(b) Headlands at each end of the mouth of the bay ap¬ 
proximately in a line with the direction of the current and 
the prevailing wind; this orientation lent itself to the 
formation of spits on the leeward side of the western 
headland—the seaward extension of the limestones and 
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mai Is in the vicinity of Jan Juc. As the material compris¬ 
ing the Bay Bar is dune limestone, and the eastern head¬ 
land tlie relative upthrow side of Selwyn’s Fault south¬ 
west of Cape Schanck—consisted of basalt extending some 
distance seawards, it is evident that most of the calcareous 
material came from Jan Juc. 

(c) A plentiful source of material. The headlands at Jan Juc 
were attacked by current and wave action, and supplied the 
material for the extension of the spit; to this was added, 
from time to time, material contributed by the River Yarra 
from its valley to the north. 

(d) A bay deep enough to ensure that the material came to 
rest at the end of the spit, and was undisturbed by the 
surface movement of the bay water. That this was so is 
evident from the subsequent formation of the Bay Bar. 

(e) The building inward and upward of the spit, its emergence, 
and the subsequent formation of dunes on its surface. 

This sequence is clearly shown bv the record of Bore No 4 
Wannaeue (Fig. 4) upwards from 210 feet (L.W.M.). That the 
directions of the current and prevailing wind now found in Bass 
Strait persisted throughout the Pleistocene are shown by the fact 
that Jan Juc is to the south-west. The headland when the Bay Bar 
formed was about 4 miles east of the existing shoreline. A note 
on Admiralty Chart No. 1695B states: 

“A current averaging from \ to .11 knots will generally be found setting 
through Bass St.; after Westerly winds, it sets to the Eastd.; with and after 
Easterly winds, to the Westward. As Westerly and South-westerly Winds are 
the prevailing ones throughout the Strait, the current will generally he found 
setting to the East and North-east, its strength depending on the previous force 
of the wind.” 

Dannevig (1915) states that the flood tides enter Bass Strait 
from the west, north, and south past King Island, and the ebb 
tides pour out through the same channels. They assume a north¬ 
easterly direction on passing King Island: a northern branch 
pushes on past Cape Otway towards Port Phillip and Western 
Port, where small arms enter various inlets. The main body is 
swayed to the east and south-east towards the centre of the Strait. 
The current from the Southern Ocean presses against the southern 
coast of Victoria and King Island, and although its greater volume 
is diverted to the south-east and south long before reaching land, 
sufficient force remains to establish a general “drift” through 
the Strait from west to east. This current is, in the open ocean, 
accentuated by the dominating westerly winds and as this wind 
direction prevails in the Strait to the extent of about 16,000 miles 
per annum, its influence will make itself felt also upon the local 
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waters. Another factor of some consequence is the powerful 
wave action associated with the prevailing winds, which materially 
assists in redistributing deposits. 

From its present and former subaerial aspects, the Nepean Bay 
Bar may be considered from the standpoints of: 

(I) Its geomorphology, 

(II) its submerged land surfaces—the shoal of Port Phillip, 

(III) the King Bay profile. 

(I) The Geomorphology of the Nepean Bay Bar. 

The Nepean Peninsula (Fig. 5) is a sickle-shaped land surface 
with its southern or King Bay shore slightly concave from the 
S.W. and its northern or Port Phillip shore concave from the 
N.N.E.; Point Nepean, the end of the sickle, points N.W.b.W. 
Its E.b.S. boundary is Selwyn’s Fault which cuts across it from 
Dromana to Cape Schanck. It formerly extended to beyond 
Barwon Heads, but is now interrupted by the fairway through 
The Heads, which has been cut in dune limestone. 

For some miles east of Point Nepean, the King Bay shore is a 
young coast; it is cliffy, with a steep inshore profile, and indented 
by small bays with pocket beaches, while along and near the shore 
are reefs, arches, caves, and blow holes. Nearer Cape Schanck, 
however, the coast becomes sub-mature, consisting of long beaches 
with a shelving profile, broken here and there by low headlands 
of dune-rock. The shore line from Point Lonsdale to Barwon 
Heads is a similar, submature coastline. 

The Port Phillip shore of the Nepean Bay Bar consists, for the 
most part, of beaches, broken occasionally by cliffs of dune-rock; 
this contrasts with the shore of the Bellarine Peninsula which, at 
Point Lonsdale and Shortland Bluff, is cliffy, but further north 
is low lying, and composed largely of siliceous sand. At St. 
Leonards, further north, the low cliffs are composed of Pliocene 
( ? Werrikooian) sandstones. 

The area of the Nepean Peninsula is about 45 square miles. 
Locally, it is known as The Cups, an appropriate name, as most 
of it is a succession of calcareous dunes and dune ridges, separated 
by hollows with closed contours; the dune material has been con¬ 
solidated into dune-rock by the solution and redeposition of the 
calcareous material. Few of the consolidated dunes east of Rye 
rise above 100 feet but near Sorrento, St. Pauls, a consolidated 
dune is 176 feet above L.W.M., and there is a record by Gregory 
(1901) of a dune nearer Point Nepean being 225 feet above 
L.W.M. 
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There are no water courses on the Nepean Peninsula. All the 
water that comes down in the stream channels on the denuded 
scarp of Selwyn’s Fault percolates into the dune deposits at the 
footrf the scarp; the dune rock is too porous to hold up fluTmtile 
waters. There is a shallow channel from the foot of that Fault 
to the Tootgarook Swamp cut by flood waters, but it is dry except 
during flood periods, and then water only flows in it for a few 

^Between Rosebud and Rye, and extending inland towards the 
shore of King Bay, are the swamp deposits, peat and marl, of 
the Tootgarook Swamp; these were deposited m a former tide- 
way—the 8 Tootgarook Tideway. On the shores of Port Phillip 
and King Bays are raised beaches, and overlying these at places, 
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unconsolidated dune sand, some of which has accumulated within 
the last 100 years. Since the Nepean Peninsula has been largely 
cleared of timber, the higher points of the consolidated dunes 
and dune ridges exposed to the prevailing wind are being dis¬ 
integrated, and relapsing once more into moving dunes. 

The Nepean Peninsula was geologically surveyed and contoured 
by the author in 1927, as far west as Rye; Pig. 5 is compiled 
from this survey and other sources. 



FIG. 6. 

The Shoals of Port Phillip Bay. 










































SUNKLANDS OF PORT PHILLIP BAY AND BASS STRAIT 


87 


(II) Shoals of Port Phillip Bay. 

The shoals (Fig. 6) of Port Phillip Bay occupy the whole of 
the southern portion, south of a line from Rosebud, on the Nepean 
Peninsula, to St. Leonards, on the Bellarine Peninsula. This 
Rosebud-St. Leonards line marks the upper portion of the north¬ 
east face of the Upper Dune Series which slopes into the Inner 
Basin of Port Phillip. 

The shoals at places awash are the South Sand, Middle 
Ground, Great Sand surrounding Mud Islands, West Middle 
Sand, William Sand, and West Sand; nearer the fairway through 
The Heads are the Royal George Shoal and the Victory Shoal. 
Bores (Pari. Pap. 1864-5) have been put down on some of them 
(Fig. 7). The following is a summary of the records of these 
bores, the datum being L.W.M. 


Bores 

1 

ft. in. 

2 

ft. in. 

3 

ft. in. 

4 

ft. in. 

5 

ft. in. 

6 

ft. in. 

7 

ft. in. 

Depth of Water 
Sand 

Sandstone 

13 0 

23 8 

3 4 

7 0 

9 0 

8 3 

8 0 

9 0 

7 0 

5 6 

8 6 

16 6 

4 6 

21 6 

3 6 

12 0 

15 3 

4 9 

15 0 

17 0 

5 0 


An excerpt from the covering letter forwarding this informa¬ 
tion was as follows: 

The general result of the boring is, that, in every instance a bed of Sand 
varvin^ from 8* to 23i feet thick was passed through terminating m Sandstone 
similar"to that seen in the cliff at Queenscliff (dune-rock) and into which the 
borings were continued for depths varying from 3| to 16^- feet. 

Through the Sands are tideways—South Channel, Pinnace 
Channel, Symonds Channel, Loelia Channel, West Channel, Coles 
Channel and others of minor importance; some of these have 
been dredged and straightened, and it is impossible now to define 
their original courses. They were formed by the scour of the 
tidal streams, not by fluviatile erosion, hence the use of the term 
tideway for them. The Sands are persistently encioaching on 
them, but they are kept clear, partly by the tidal streams and 

partly by dredging. . . . , , 

The following extract is taken from remarks (Aust. Pilot 
Sup., 1926) on the tides and tidal streams of Port Phillip Bay, 
published by the Admiralty: 

Owin'* to the narrow entrance and the large area of Port Phillip the range of 
the tides within the Heads is small in comparison with that m the entrance, 
water level within the Port is consequently much affected by winds blowing for 
a Ion" period in one direction and may remain above mean level continuously 
or for some time after southerly gales or below mean level continuously for 
some time after northerly gales. 














88 SUNKLANDS OF PORT PHILLIP BAY AND BASS STRAIT 


It is high water, full and ehange at the undermentioned places in Port 
Phillip as follows: 




h. m. 


ft. 

in. 



ft. 

in. 

Entrance to Port Phillip 

at 

XI 37 

approx, spring rise 

7 

0 

neap 

rise 

5 

6 

Queenscliff 

r> 

2 0 

79 

77 77 

3 

0 

77 

77 

2 

0 

Dromana Bay 

77 

2 19 

77 

77 77 

3 

0 

77 

77 

2 

6 

Snapper Point 

77 

2 14 

77 

77 77 

2 

8 

77 

77 

2 

0 

Point Henry, Geelong 

77 

2 39 

77 

77 77 

3 

0 

77 

77 

2 

6 

Williamstown Hobson Bay 

77 

2 53 

77 

77 77 

2 

3 





Queen’s Wharf, Melbourne 

77 

2 48 

77 

77 77 

2 

8 

77 

77 

2 

2 


The tidal streams in the entranee depend on the relative levels inside and 
outside the port; the greatest difference in levels occurs at about the time of 
high and low water in the entrance, and the stream therefore runs at its 
strongest, 5 to 8 knots, at these times; slaek water occurs at about 3 hours 
before and after high water in the entranee when there is no difference in levels, 
and the stream runs in from about 3 hours before till 3 hours after high water, 
out at all other times; as the levels depend partly on winds, the times of slaelc 
water and the velocity of the stream are also affeeted by wind; the freshets 
may also affeet the stream. 

On an average it is high water at Port Phillip heads about 3£ hours before 
that at Williamstown, but owing to weather eauses, this interval may vary 
from 3 to 4 hours. As the tidal streams in the fairway run for about 3 hours 
after the time of high and low water by the shore at Point Lonsdale, it will, 
therefore, be approximately slaek water flood at the Heads when it is high water 
at Williamstown. 

The direction of the winds (Aust. Pilot, 1926) at the head of 
Port Phillip is as follows: 

No. of days a year 


N. 59 

N.E. 30 

E. 48 

S.E. 54 

S. 64 

S.W. 38 

W. 17 

N.W. 52 

Calm. 3 


It is evident that the southerly wind is the prevalent wind but 
that northerlies are scarcely less prevalent. 

The velocity of the tidal streams is practically the same from 
top to bottom. The rate of the out-going stream through the 
West and South Channels is from 2 to 3 knots, and in the Inner 
Basin 14 knots. A velocity of half a knot is sufficient to drive 
sand along the bottom, 1 knot fine gravel, and 34 knots stones 
1J inches in diameter (Mariner, 1926). Nevertheless, although 
the scouring effect of the streams in the tideways is seemingly 
sufficient, it does not prevent the depositing of mud along them. 

Holes occur on the floor of the fairway at The Heads, and at 
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places in the Inner Basin, near the south-east slope of the Nepean 
Bay Bar. The holes are due to the turbulence of the tidal streams, 
and are referred to here as “scour holes.” They are assumed to 
be formed by the eddying of streams after they pass from a 
contracted tideway into a basin. Their formation is complicated 
by several factors, but it is beyond the scope of this contribution 
to consider such. It is apparent, however, that they may be 
formed by either the in-going or out-going streams, after they 
have passed from a tideway into a basin. 

The scour hole (Pig. 6) at The Heads is roughly erescentric in 
shape, with the end in Port Phillip pointing E.b.S. towards the 
South Channel, and the end in King Bay pointing S.S.E. In 
Port Phillip, it occupies a position in the fairway between The 
Heads, midway between Point Nepean and Point Lonsdale; 
between the Nepean Peninsula and Shortland Bluff, it widens 
out into a deep basin with an average depth of 54 feet formed 
by the convergence of West, Symonds and the South Channels. 
Its deepest part is W.N.W. of Point Nepean, where it has a 
depth of 282 feet (47 fath.); it shallows quickly to the E.N.E., 
and where it turns to the S.S.E. At this S.S.E. extremity, there 
is a reef with, at places, less than 28 feet of water over it. This 
reef, which is responsible for the rip, slopes to the north into the 
scour hole; its slope to the south is part to the steadily deepening 
profile of King Bay. 

The in-going tidal stream comes from the southward and 
eastward, increases in strength as it nears The Heads, sets right 
across the entrance, across through the reefs with great force, 
and spreads towards Shortland Bluff and Point King (Fig. 7); 
past that point, in the South Channel, it sets E.N.E. across the 
Middle Ground and through the Pinnace Channel (Fig. 7). The 
out-going stream from the Inner Basin passes obliquely through 
the various channels, the stream from Symonds Channel joining 
and turning that of the West Channel below the Royal George 
Shoal, setting towards the bight between Shortland Bluff and 
Point Lonsdale, and from thence through The Heads, the body 
of the stream setting athwart the entrance towards Point Nepean 
and away south-eastward along and into the shore between Point 
Nepean and Cape Schanck. Knowing the directions of the tidal 
streams both inside and outside The Heads, it is obvious how the 
scour hole became crescentic in shape. The fact that the King 
Bay coast E.b.S. of Point Nepean is young has already been 
mentioned; it is inferred from the position and direction of the 
scour hole that at its S.S.E. extremity it was formed in a tideway, 
and the coast formerly extended as far out, at least, as this. 
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The hole referred to here as the 17-fathom scour hole (Fig. 7) 
is in the Inner Basin near the toe of the inner scarp of the Bay 
Bar and about If miles N.N.E. of the inner outlet of an unnamed 
tideway that extends E.N.E. from the South Channel; it branches 
off from it about 4 miles west of that channel’s outlet into the 
Inner Basin. For the greater part of its length, this unnamed 
channel is 20 feet deep, but narrow ; near its outlet into the Inner 
Basin, it has been blocked by a sand bar over which there is only 
4 feet of water. The 17-fathom scour hole, which is being rapidly 
silted up, was apparently formed in the Inner Basin by in-going 
tidal streams that flowed through a tideway of some width, and 
not the narrow unnamed tideway. To the south-west extremity 
of Capel Sound, there is evidence of an older scour hole that 
appears to have been connected with a former tideway that 
had an outlet (Fig. 7) into King Bay, and is disclosed by the 
bathymetrical contours at 20 fathoms on the profile (Fig. 7) of 
that Bay. Gregory (1903) suggests that this outlet may be a 
river outlet from Port Phillip Bay, but the alignment of the 
three suggests that they have been connected by a tideway, not 
a river channel. 

There are large, but relatively shallow, scour holes at the inner 
entrance to Symonds Channel, but closer soundings are necessary 
to enable one to comment on them. 

It has been stated that tideways are ephemeral. Due to the 
encroachment of dunes, they are constantly altering their courses, 
and move at different times throughout the length of a bay bar. 
Thus, the Tootgarook Tideway previously referred to was an 
earlier tideway than any of those now converging on The Heads; 
it was formed along Selwyn’s Fault on its downthrow side, and 
entered King Bay on the submature portion of the coastline 
near where the Fault crosses it. Scoured out of the consolidated 
dune-rock, its former course can be clearly discerned from a 
view point such as Arthur’s Seat. 

(Ill) King Bay Profile 

The slope of the profile (Fig. 7) shown by the bathymetrical 
contours of King Bay south of the Nepean Peninsula down to 
the 35 fathom (210 feet) platform is taken to be the outer or 
southern face of the Upper Dune Series. Eight outlets, some 
of tideways, others of river channels, are revealed by the 
bathymetrical contours (Fig. 7). They are referred to here by 
the fathom line at which they occur, and given in order of their 
priority in functioning as outlets. All are outlets of the Upper 
Pleistocene Yarra. 
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FIG. 7. 

Bathymetrical Chart of King Bay showing the Outer Face of the Upper Dune Series 
resting on a Mature Surface of Fluviatile Erosion. 


30-fathom outlets. There are two outlets, in close proximity, 3 
miles west of Cape Sckanck. The bent contours point northwards 
to the approximate position of the relatively recent Tootgarook 
Tideway, and open towards the 45-fathom depression; like the 
Tootgarook Tideway, they entered King Bay near to where 
Selwyn’s Fault intersects the coast line. There is little doubt 
that the drift at 186 feet in Bore No. 4, Wannaeue, was deposited 
in a tideway that led to one of these outlets. 
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28-fathom outlet. About a mile E.b.N. of the 30-fathom outlet 
is the 28-fathom outlet, which also points N.N.W. towards the 
Tootgarook outlet. The drift at 170 feet in Bore No. 4, Wannaeue, 
was probably deposited in a tideway leading to it. It opens 
towards a tributary of the broad valley (Big. 7) coming from the 
direction of The Heads that falls into the 45-fathom depression. 

25-fathom outlets. Two of these outlets, respectively 7 and 8 
miles W.N.W. of Cape Schanck, probably emptied into the same 
valley as the 28-fathom outlet. 

24-fathom outlet. This, miles S.W. of The Heads and 4^ 
miles S.E. of Barwon Heads, served both as an outlet of the 
Barwon River, and an earlier cycle of the Yarra River. 

20-fathom outlets. About 4 miles south of The Heads, and 



pointing towards them, the main 20-fathom outlet is the most 
conspicuous and best formed of all the outlets. It is seemingly 
a cul-de-sac, narrow and relatively deep (54 feet), with steep sides 
sloping inwards towards its floor. About 6 miles E.b.S. of the 
previous outlet, is that of Capel Sound Tideway (p. 90). 

14-fathom outlet. This is an outlet pointing N.E. b. N. towards 
Symonds Channel; it is 3£ miles south of Point Nepean. 

V. Cycles of Sedimentation and Accumulation Evident in 
the tores. 

Alternate cycles of sedimentation and accumulation can be 
recognised in the classes of sediment and their sequence in the 
Wannaeue and Sorrento Bores; these can be interpreted in the 
light of what is now happening on the Nepean Bay Bar. The 
cycle covering dune accumulation may be referred to as the “dune 
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cycle.” Before the dune cycle, the period from the time the 
sediment commenced to accumulate in the headwaters of King 
Bay up to that when it was followed by another dune cycle may 
be referred to as the “bay bar cycle.” Tideways were formed 
connecting the land-locked waters behind the Bay Bar with the 
open Bay in front of it when the levels of each coincided. As has 
been stated, tideways, unlike river channels, have no gradients; 
such irregularities as do occur along their courses are caused by 
the encroachment of shifting shoals, or by constrictions in their 
channels. With the continued rise of sea level or slow subsidence, 
the tideways were submerged, fluvio-estuarine sediments were 
deposited along them, and in the Sorrento Bore shallow water 
limestone is found resting on the sediments. With the retreat of 
sea level, the tideways again functioned until the level of King 
Bay fell below the tideway bed. A new dune cycle then started, 
and dunes were piled up, and encroached on the former tideways. 

There was no vertical erosion along the tideways when sea level 
was being lowered; the dune rock was too porous to hold up 
river or lacustrine waters. During the maximum rise of sea level 
there was a landlocked bay behind the Nepean Bay Bar, but this 
disappeared when the sea retreated—it never persisted as a lake 
or swamp. Only two swamps occur on the Nepean Peninsula— 
the Tootgarook Swamp and a salt lake near Sorrento; both are 
at sea level, and they probably owe their existence to the fact that 
sea level is the water table of the Peninsula. There are numerous 
“cups” with closed contours all above sea level, but none of them 
hold water or are their bottoms swampy. 

VI. Evidence in the Bores as to Tectonic Movements 

Excluding, for the time being, the effect of eustatic adjustment, 
the Pliocene, Pleistocene, and Recent deposits of the Sorrento 
and Wannaeue bores suggest the following tectonic movements: 

(a) Regional uplift terminating near the close of the Pliocene. 

(b) Pliocene-Pleistocene subsidence of the Bass Strait Sunkland accompanied 
by dune accumulation. 

(c) Period of standstill. Fluviatile erosion of the Dandenong Creek Cycle 
(pre-Newer Basalt). 

(d) Renewed subsidence of the Bass Strait Sunkland in the Middle Pleisto¬ 
cene to the extent of 170 feet accompanied by dune accumulation. 

(e) Period of standstill. Fluviatile erosion during which Dandenong Creek 
Cycle continued on the cast side of the Yarra drainage system and the 
Post-Newer Basalt draining (Keilor Cycle) began on the west side. 

(f) Commencement of the subsidence and tilting of the Port Phillip Sunkland 
near the beginning of the Upper Pleistocene. This movement has pro¬ 
ceeded to the extent of 100 feet and betrunked the lower portion of the 
Yarra River including the lower portion of Dandenong Creek and the 
streams that were developed on the Keilor and Werribee Plains lava fields. 
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That the uplift (a) was regional, is shown by the outcrops of 
Miocene and Pliocene beds of the same age as those in the 
Sorrento Bore in areas distant from Sorrento, as at Mornington, 
Grices Creek, Green Gully, Beaumaris, etc., and their existence in 
bores at Altona, South Oakleigh, and other places. The Pliocene 
samples in the Sorrento Bore below 575 feet (L.W.M.) indicate 
some depth of sea, and they had to be uplifted above sea level to 
make possible the succeeding Pleistocene phases. The Sorrento 
Bore sample marking the change over from uplift to subsidence 
is that at 575 feet (L.W.M.). The samples between that depth 
and 265 feet (L.W.M.), representing a thickness of 310 feet, 
consist for the most part of dune-rock—the Lower Dune Series— 
intercalated with which are some estuarine sands and shallow 
water limestones that accumulated near sea level. 

Periods of standstill occurred at 265 feet (L.W.M.) in the 
Sorrento Bore equivalent to 262 feet (L.W.M.) in Bore No. 4, 
Wannaeue, and about 197 feet (L.W.M.) in the Sorrento Bore 
equivalent to 210 feet (L.W.M.) in the Wannaeue Bore. The fact 
that dune-rock and intercalated estuarine deposits are now a 
considerable depth below sea level is, apart from the consideration 
of eustatic adjustment, evidence of tectonic subsidence. 

VII. Lines of Movement of Sunklands 

The lines on which the Bass Strait and Port Phillip Sunklands 
have moved are referred to here as faults. Wherever they have 
been seen, in section, however, the lines of weakness are in the 
form of warps, and tilting caused by these warps has been largely 
responsible for the Sunklands. It is probable, nevertheless, that 
further afield these warps develop into faults. Beyond stating 
that the Bass Strait Sunkland sank on warps or faults coinciding 
with, on the whole, the shores of the Strait, its subsidence along 
three lines of movement are our immediate concern, viz., the 
Bellarine Fault, Selwyn’s Fault, and a hypothetical fault between 
Rosebud on the Nepean Peninsula and St. Leonards on the 
Bellarine Peninsula. 

The north-west boundary of both Sunklands (Fig. 9) is a fault 
line—the Bellarine Fault—which coincides in direction with a 
southern Victorian trend line exemplified by the Otway Coast. 
The south-east boundary is Selwyn’s Fault, at least in part, which 
bears S.W.b.S. and coincides with a Palaeozoic tectonic line on 
the Mor nin gton Peninsula: it is exemplified by the fault coast 
of Port Phillip Bay between Frankston and Dromana. 

The section shown in Fig. 9 is generally across the trend of these 
lines, and ties up deep bores at Sorrento, near Cape Schanck, and 
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at Flinders; it bears S.E.b.S. from Mount Bellarine to Sorrento, 
thence S.E. to Main Creek at a point N.E. of Cape Schanck, and, 
finally, easterly to Flinders. The Bellarine Fault is postulated 
about 7 miles off the shore from the Otway Coast (Fig. 12). Sec¬ 
tions of the floor of Bass Strait suggest the downward extension 
of Torquay Fault (Hills, 1940), but when the exaggerated vertical 
scale of these sections is appreciated this seems improbable. More¬ 
over, -while the Torquay Fault curves in towards Geelong about 
12 miles S.W. of Barwon Heads, the Bellarine Fault persists in 
its N.E. strike as the north-west boundary of the Sunklands as 
far as St. Leonards on the east shore of the Bellarine Peninsula; 
beyond this point it is covered by the waters of Port Phillip, 
but reappears on the east shore of the Bay as the Beaumaiis 



FIG. 9. 

Section Line from Mt. Bellarine to Flinders. 


Monocline, and extends some distance inland. The Beaumaris 
Monocline is the only appearance at the surface of this line of 
weakness; the evidence for it is, otherwise, largely inferential. 
It is known that the Carrum Swamp, probably the south-west 
extension of the Croydon Sunkland (Jutson, 1910) ^ as ^ eei | 
lowered by the monocline. The evidence for this is a bore about 
sea level near Mordialloc, which passed into Tertiary Older Basalt 
at 233 feet; north of Frankston, on the relative upthrow side of 
Selwyn’s Fault, which is the S.E. boundary of the Sunkland, 
the Older Basalt outcrops at approximately 50 feet above sea 
level suggesting a subsidence of about 280 feet. The profile of 
Dandenong Creek, from near Dandenong where it passes on to 
the Carrum Swamp, to the submerged delta on the floor ot 1 ort 
Phillip, is shown in Fig. 10. The Patterson River, a channel cut 
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to drain the Swamp, marks, approximately, a former course of 
Dandenong Creek. A feature in this section is the steepness of 
the profile for about a mile in front of the Swamp. 

Selwyn’s Fault, a well authenticated line of movement, has, on 
the shore of Bass Strait, the appearance of a warp with incipient 
fractures: the warp tilts the beds on its north-west side down¬ 
wards at a small angle. As a line of movement (Fig. 2) it can be 
traced from north-west of Frankston, along the east shore of Port 
Phillip, across the Nepean Peninsula, and under King Bay. The 
bathymetrical chart of Bass Strait (Fig. 12) suggests its extension 



FIG. 10. 

Profile of Dandenong Creek south of Dandenong. 

as far as Cape Wickham, the northernmost point of King Island. 
Hills (1940) says “it is a hinge fault, the displacement dying out 
to the north but increasing towards the south, where a great 
thickness of marine Cainozoic rocks, which were penetrated in a 
bore at Sorrento, has been deposited on the downthrow block.’’ 

Parallel to Selwyn’s Fault, there is, in the centre of the 
Mornington Peninsula, a well marked line of shatter belt called 
the Devilbend Fault, and still further east another line parallel 
to it, known as the Tyabb Fault. The existence of the Balcombe 
Fault between Selwyn’s and the Devilbend Faults and parallel 
to them is inferred from the pattern of the stream system on that 
portion of the Peninsula. 



FIG. 11 

Section of Mornington Peninsula showing Movements of Fault Blocks. 
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The movements along these lines are complicated by both 
upthrow, or uptilting, and downthrow, or downtilting, and, con¬ 
fining our remarks to the Mornington Peninsula, it is evident 
that, although there has been a cumulative downwarping of 585 
feet on the north-west side of Selwyn’s Pault, there has been an 
upward movement on the north-east side of between 400 and 500 
feet; this is shown by the existence of a dune series, probably the 
Lower Dune Series, on the upthrow side near Cape Schanck, 
approximately 500 feet above L.W.M. 

The problematical line between Rosebud and St. Leonards is 
near, and probably coincident with, the north-east face of the 
Upper Dune Series; south-west of it are the shoal waters of Port 
Phillip, and north-east the deeper waters of the Inner Basin. 
The inference that there has been movement along this line is 
based on the fact that south of it there is a big suite of beds in 
the Sorrento and other bores, typified by a class of sedimentation 
not found north of it, nor do the dune limestones occur to the 
north of it. There is possibly some connection between it and 
the Barrabool Hill-Curlewis Fault of Coulson (1939), which he 
says has a throw of 300 feet to the north of Ceres, near Geelong. 

The late Pleistocene and Recent movement contributing to the 
final shaping of Port Phillip was downtilting on warps inland 
from the north-west shore of that Bay. This warping and 
tilting is parallel with the Bellarine Fault, and consequently the 
Otway Coast trend rather than that of the tectonic lines of the 
Mornington Peninsula. 

King Bay and Bass Strait Sunklands 

VIII. Evidence of the King Bay and Bass Strait Bathymetrical 
Contours. 

The bathymetrical chart (fig. 12) of King Bay and Bass 
Strait is compiled from Admiralty Chart 1695B, corrected by the 
Admiralty up to 1943. From 1909 to 1914 the F.I.S. Endeavour 
explored the waters of Bass Strait and Dannevig prepared 
diagrams based on the exact soundings then taken; these, unfor¬ 
tunately, are not available—they were probably lost when the 
vessel foundered with him and all hands. In his notes, Dannevig 
(1915) points out that the compilation of the Admiralty Chart 
from soundings, for which various methods were employed, has 
been a gradual process since Bass Strait was discovered. He 
found that these soundings, particularly under 35 fathoms, show 
a greater depth, and the undulations suggested by the charts do 
not always occur. Irregularities are most pronounced in places 
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where the waters are confined and the tidal streams and currents 
are strongest, such as to the north, north-west, and south of King 
Island; there the flood and ebb tides rush past at from 2 to 4 knots, 
and the disturbance is increased by rollers coming in from the 
Southern Ocean. 

To the north from King Island, the main body of water enters 
Bass Strait in a north-easterly direction, and here we find a 
channel extending towards Port Phillip with a rough bottom, 



FIG 12 

Bathymetrical Chart of King Bay and Bass Strait. 
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where coarse sand gradually replaces the outside rock conditions. 
At the north end of the Island, the flow of waters is accentuated, 
and has cut into the western edge of the relatively shallow “tail 
bank”—an extensive bank of heavy material extending north¬ 
east and east far into the Strait. The channel gradually decreases 
in depth from 60 to 48 fathoms. The survey of the “Endeavour” 
showed that the shallowest portion of the channel was 44 or 45 
fathoms south of Western Port. 

Dannevig concludes that there is no support for Noetling’s 
suggestion that a barrier approximately 150 feet above the level 
of the central basin, which the “Endeavour” found ranged from 
45 to 53 fathoms, extended between King Island and Western 
Port, and consequently there is no evidence of a lake. He states: 

On the contrary, we find that a number of rivers from north Tasmania 
would converge towards a centre (as indicated by Noetling), but instead 
of forming a gigantic lake they would join a magnificent river running 
to the north, north-west, and west along the present coast of Victoria, and 
ultimately enter the ocean somewhere to the east of Cape Otway. Into this 
river, which might suitably be named the Tamar Major, would also flow 
tributaries from the now extinct eastern and western slopes of the Bass Strait 
basin, so the approximate catchment area, extending from central Tasmania, in 
the south, and the Victorian Dividing Range (or further) in the north, would 
cover more than 50,000 square miles, producing 150,000 millions of cubic feet 
of water for rainfall of only one inch. 

South-west of the Nepean Bay Bar, the floor of Bass Strait and 
King Bay (Pig. 12) between the south-westerly extensions of 
Selwyn’s and the Bellarine Paults and below the 35-38 fathom 
contours, is the submerged mature surface formed by fluviatile 
erosion of the Port Phillip Sunkland: it is a fault block, for it 
has been let down 100 feet from the extensive Bass Strait Sunk- 
land which had previously been lowered 170 feet. On the south¬ 
east side of the Port Phillip Sunkland, at an elevation of 100 feet, 
and on the relative upthrow side of Selwyn’s Pault, is the easterly 
extension of the mature surface: on the north-west side of the 
Sunkland, beyond the Bellarine Pault, is the elevated, deeply 
dissected surface of the Otway Peninsula. The elevation to the 
south-east side, the so-called “tail bank” of Dannevig (1915), is 
for its greater part the mature surface of the 35-fathom platform 
—a fossil plain on the old rocks of King Island that apparently 
extended for some distance north-easterly. As indicated by 
Dannevig (1915) the currents and tidal streams cut into this 
barrier, and the material eroded from it has been deposited some 
distance away. Although not continuous, the barrier nevertheless 
did exist as claimed by Noetling (1910), although his inference as 
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to the former presence of one large inland lake behind it is 
improbable. 

On the mature surface of the Sunkland, the valley in which the 
Yarra River system flowed—Dannevig’s channel extending to¬ 
wards Port Phillip—referred to here as the Middle Pleistocene 
Yarra, is well defined. This mature surface probably extended 
some distance beyond Cape Otway into the region now covered 



FIG. 13 

Sections of the Floor of Bass Strait. 


by the Southern Ocean: it was an extensive plain of fluviatile 
sediments, resting on the Lower Dune Series, and belonging to the 
same cycle of erosion as the fluviatile deposits under the Keilor 
Plains Basalt or the mature flood plain of the middle Dandenong 
Creek, of which it is the downstream extension. This cycle 
reached maturity in the Middle Pleistocene. 

The trunk stream of this downstream extension of the Middle 
Pleistocene Yarra, flows in what appears to be a shallow valley 
that first shows up at the 45-fathom bathymetrical contour 8 miles 
W.S.W. of Cape Schanck as a shallow depression, and similar 
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depressions appear along its valley at the 47-fathom and 48- 
fathom contours. About 30 miles upstream from a line joining 
Cape Otway and Cape Wickham, it flows into a tapering depres¬ 
sion suggestive of an estuary. 

The bathymetrical contours reveal also several confluent 
streams, some of which, joining it on the right bank, came from 
the north from the Nepean Bay Bar; others joining it on its left 
bank, came from the “tail bank” to the south-east. Certain 
valleys coming from the north head at the 35-fathom (210 feet) 
or the 38-fathom (228 feet) platforms both probably representing 
the same land surface which extends throughout the Bay Bar. 

Briefly, the erosion on the Sunklands in King Bay and Bass 
Strait belongs to the Middle Pleistocene; it occurred before the 
Upper Dune Series had accumulated, and is in no way connected 
with the Upper Pleistocene or Recent cycles which had outlets 
through the Upper Dune Series. The Upper Pleistocene Yarra 
emptied into King Bay: the Middle Pleistocene Yarra into the 
Southern Ocean. 

In the absence of Dannevig’s (1915) corrected soundings we 
must, perforce, accept his Tamar Major River as flowing north, 
north-west, and west along the present coast of Victoria. The 
Tamar Major River was, then, part of the Middle Pleistocene 
stream system and what has been referred to as the Middle 
Pleistocene Yarra, is the south-western extension of it—its lower 
reaches. If the Western Port stream of Gregory (1903), his 
Tarago River, joined it, the confluence must have been by a boat¬ 
hook bend, for the bathymetrical contours (Fig. 14) show that 
the Mornington Peninsula extended some ten miles to the south, 
and the Tarago valley trended to the south-east. 

The bathymetrical contours also show that there was a bay bar 
across Western Port Heads, and that the 21-fathom scour hole 
(Fig. 14), 3 miles W.S.W. of Point Grant, Phillip Island, was 
formed by a tideway, a relic of the Upper Pleistocene Western 
Port ebb and flow. The history of the development of Western 
Port is very similar to that of Port Phillip. 

IX. The Wannaeue and Sorrento Bores and the Stages of the 
Ice Age. 

The Pleistocene or Ice Age is represented by the core of the 
Sorrento Bore to a depth of 585 feet and its upper part by the 
Wannaeue Bore. It has been shown that the sediments and dune 
accumulations in these bores are the outcome of eustatic adjust¬ 
ments of sea level due to the glacial and interglacial stages during 
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the Ice Age as well as to tectonic movements. The European 
equivalents of those parts of the bores discussed here are the 
Wurm, Piss-Wurm, and Kiss Stages, covering part of the Middle 
Pleistocene and the whole of the Upper Pleistocene. The follow¬ 
ing inferences have been drawn : 



FIG. 14. 

Bathymetrical Chart showing Bay Bar across Western Entrance, 
Western Port. 


During eustatic rise of sea level in the interglacial stages or tectonie 
subsidence— 

King Bay was formed. 

Spits were deposited on the pre-existent dunes that had been levelled by 
wave action. 

The Nepean Bay Bar was formed. 
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Tideways through the Nepean Bay Bar connected that part of King Bay 
behind it with the open sea in front of it. 

Continued rise of sea level submerged the tideways, fluvio-estuarine sediments 
were deposited along or near them, and in some places shallow water 
limestones accumulated. 

These deposits are found on the platforms, and represent periods of standstill 
in tectonic movement. 

During eustatic fall of sea level in the glacial stages or tectonic uplift— 

With the retreat of the sea the dune cycle commenced. In the early stages 
the tideways again functioned (the present stage of the shoal water in 
the southern part of Port Phillip) until the level of the open part of 
King Bay in front of the Bay Bar was lower than the beds of the 
tideways themselves. With continued retreat, the uncovered Bay Bar 
was piled up into dunes (cf. R. W. Sayles, 1931, and E. S. Hills, 1936). 

Bore No. 4 Wannaeue, which is the most reliable for observa¬ 
tion, shows that on the 35-fathom (210 feet) platform (Pig. 4) 
approximately 57 feet (153 feet to 210 feet) of sediments 
accumulated, some of which were shallow marine, others 
apparently terrigenous, but all of fluviatile origin, and composed 
for the most part of material derived from outside the area of the 
Bay Bar: they were obviously deposited during a eustatic rise of 
sea level. They rest on a dune series, and are succeeded by the 
Upper Dune Series, evidence of the fact that both before and 
after their being deposited, the sea had retreated from the area. 

Likewise, in the Sorrento Bore (Fig. 4), the period of eustatic 
rise corresponding to 210 feet in the Wannaeue Bore is considered 
to be the shallow-water limestone of small, but unascertained 
thickness, with marine bivalve and gasteropod shells at 197 feet. 
This also occurs above dune-rock, is succeeded by the Upper Dune 
Series, implying, as in the Wannaeue Bore, retreat of the sea. 
The period occupied by the accumulation of the shallow marine 
and terrigenous sediments in both bores probably represents a 
period of standstill in the general tectonic subsidence. 

The 45-fathom platform (Fig. 4) is shown in the Wannaeue 
Bore to be covered by heavy drift from 256 feet to 262 feet at 
which depth the bore ended. Overlying this is a dune series 46 
feet thick. In the Sorrento Bore (Fig. 4), the equivalent sample 
is the shallow water limestone, with numerous casts of bivalves 
at 259 feet (L.W.M.). Under it at 265 feet (L.W.M.) is a liver- 
coloured clay with fine ferruginous sand and a few quartz 
particles; this is unfossiliferous. Below it is dune-rock at 288 
feet (L.W.M.) and at 314 feet (L.W.M.), a calcareous quartzose 
sand and grit. These deposits also indicate marine transgression 
and retreat, implying eustatic rise and fall of sea level. 
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In the Maribyrnoiig River, which flows into the Yarra just 
before the latter empties into Hobson’s Bay, the river terraces 
were formed, according to Keble and Macphcrson (1946), by the 
vertical erosion caused by the eustatic fall of sea level; if tilting 
had any influence on this vertical erosion, it was subordinate to 
that caused by eustatic adjustment. They found that there were 
three main fluviatile terraces which appeared to them to have 
been formed during the fall of sea level at each of the three Wurm 
glaciation maxima. The fall of sea level during the first maximum 
(W.1) entrenched the Keilor Flood Plain and formed the Keilor 
Terrace; during the rise of sea level in the succeeding interglacial 
stage (Wl/2) the Bray brook Flood Plain was formed; it was 
entrenched by the fall of sea level in the second glaciation (W2), 
and during the succeeding interglacial stage (W2/3), the Maribyr- 
nong Flood Plain was formed, and entrenched by the fall of sea 
level during the third glaciation (W3). This last entrenchment, 
together with the Footscray Warp (Keble and Macpherson 1946), 
partly supplied the material for the Yarra Delta, which was 
submerged by the 35 to 20 feet fall of sea level. The subsequent 
fall of sea level is indicated by entrenchment above tide limit in 
the Maribyrnoiig River. 

Correlating these fluviatile cycles with the fluvio-estuarine 
cycles of the Nepean Bay Bar, the sediments on the 35-fathom 
platform from 153 feet to 210 feet in the Wannaeue Bore are 
taken to be the downstream extension of the Keilor Flood Plain, 
and the drift on the 45-fathom platform from 256 feet to 262 feet 
(the bottom of the bore) as the downstream extension of the sub¬ 
basalt sands under the Keilor Plains basalt. The Keilor Flood 
Plain and the fluviatile sub-basalt sands which were contem¬ 
poraneous with the flood plain deposits of the middle Dandenong 
Creek are representative of the most sustained cycles in the 
physiography of the Yarra River System. The 35-fathom and 
45-fathom platforms were surfaces exhibiting mature fluviatile 
erosion following the retreat of the sea from the Bay Bar. The 
maturity of the erosion, and the streams responsible for it, 
together with the place of the fluviatile deposits in the strati¬ 
graphic sequence justify the correlation: no other fluvio-estuarine 
deposits in the bore records could be correlated with this fluviatile 
erosion. 

The following table (Fig. 15) is an attempt to correlate the 
records of the bores with the glacial and interglacial stages of 
Europe, America, and elsewhere in Australia, particularly in 
Tasmania; the correlation of David Tindale (1933), Lewis (1933, 
1934), Edwards (1941) and David (1924), are included. 
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The Bassian Fauna and Flora 

Tlie Bassian fauna and fiora comprised the animal and plant 
life that formerly existed on the land surfaces between the 
mainland and Tasmania, and which migrated to what are now the 
Bass Strait Islands and Tasmania from the mainland. Spencer 
(1893) drew attention to the close alliance existing between the 
zoological groups of Tasmania and that part of Victoria south 
of the Dividing Range. 

The present discussion of the fauna and flora is restricted to 
certain genera and species, both living and extinct, the ecology 
of which throws some light on the physical aspects of the land 
surfaces. The most informative are the land shells, freshwater 
shells, the earth-worms, and the mammalia, some of which are 
represented by fossil prototypes: important evidence is also 
forthcoming from other groups that are assumed to have existed 
on the land bridges. 

Land shells are mainly vegetable feeders on plants, cryptogamic 
vegetation, decaying vegetation, etc. The vegetable nature of their 
food, and their preference for moist conditions, explains their 
prevalence in warm humid regions, particularly on islands; in 
hot and desert regions they appear only during the rainy seasons, 
or times of heavy dews. Some species of Bothriembyron bury 
themselves in the mud of swamps when they dry up. On the other 
hand Ilelicarion is found mostly in cold and temperate regions, 
or, if in the areas with warmer climate, in the cooler mountain 
tracts. 

Of the land shells from Victoria listed and described by Gabriel 
(1930) and found in the Bass Strait Islands or Tasmania, the 
recorded habitats of only 6 per cent are on the northern drainage 
fall in Victoria and, excluding the widespread Succinea australis, 
(Ferr.) less than 3 per cent.; the rest were collected on the damper 
southern fall or the water-shed. Of the eleven species found on 
the Bass Strait Islands, seven— Charopa albanensis (Cox), C. 
diemenensis (Cox), Ilelicarion cuvieri (Ferr.), Laoma minima 
(Cox), L. penolensis (Cox), Rhytida ruga (Cox) and Succinea 
australis (Ferr.) are common to both Victoria and Tasmania; 
two— Garyodes dufresni (Leacli) and Bothriembyron gunnii 
(Sow.) to the Islands and Tasmania; and one— Ghloritis victoriae 
(Cox) to King Island and Victoria. May (1923) states that as 
far as the species C. victoriae is concerned, “its appearance seems 
to suggest the necessity of land communication with Victoria at 
some period, as this species occurs in that State but not in Tas¬ 
mania.” It is found in Victoria on the southern fall, and outside 
Victoria its mainland habitat is restricted to Mount Kosciusko. 
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Johnston (1880) records a fossil species Helix simsoniana 
(John.) from the Helicidae Sandstone, a member of the dune 
series in the Kent Group, and probably formerly extending to the 
Furneaux Group. Spencer (1893) records Bothriembyron gunnii 
(Sow.) as “a fossil foimd on Kent Island and in the yellow lime¬ 
stone of Hobart.” B. gunnii is a living arborescent species found 
near the sea clustering on small trees and shrubs generally on 
sandy ground or hillocks a little above high water mark. Charopa 
diemenensis (Cox), Laoma penolensis (Cox), and Succinea aus¬ 
tralis (Ferr.) are also found in the Helicidae Sandstone. The first 
two are found in Victoria on the Southern fall; the third is 
“subacquatic living in damp places, near the margins of streams” 
(Try on 1883). 

The following living (L) and fossil (F) species are found in 
Victoria, the Bass Strait Islands, or Tasmania: 

Victoria Bass St. Ids. Tasmania 


Allodiscus otway ensis (Pet.) 
Bothriembyron gunnii (Sow.) . 
Caryodes dufresni (Leach) 

Charopa albanensis (Cox) 

C. diemenensis (Cox) 

C. sericatula (Pf.) 

C. tamarensis (Pet.) 

Chloritis victoriae (Cox) 

Cystopelta petterdi (Tate) 

Helicarion cuvieri (Fer.) 

Helix simsoniana (John) 

Laoma halli (Cox) 

L. minima (Cox) 

L. morti (Cox) 

L. penolensis (Cox) 

Paraphanta dyeri (Pet.) 

Pupilla australis (Ad. & Ang.) 

Rhytida lampra (Reeve) 

R. lamproides (Cox) 

R. ruga (Cox) 

Succinea australis (Fer.) 

S. australis var. gueen- 

boroughensis (Pet.) .. • • I* 

Thalassolielix fordei var. McCoyi 

(Pet) . L 

It is possible that forms recorded as 
be still living there. 
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The freshwater mollusca of Victoria have been listed and 
described by Gabriel (1939). Excluding some recorded from 
King Island, the Bass Strait Island forms include Ameria tenuis- 
triata var. pyramidata (Sow.), Bythinella nitida (John.) from 
the Helicidae Sandstone, Coxiella badgerensis (John.), Ameria 
tenuistriata (Sow.), Acmea marginata (Kuster.), A. scalarina 
(Cox) and Sphaerium tasmanicum (Ten. Woods.). 

Johnston (1888) states that the older sand dunes of the Bass 
Strait Islands (Flinders, Barren, Badger, Kent, King and others) 
“frequently contain in abundance the fragmentary remains of 
marine shells, but more especially the well preserved remains of 
land shells now found living near the shore ... In the consolidated 
beds of ancient lagoons, in old hollows of the Helicidae Sandstone 
occurs Bythinella nitida John, in rich abundance together with 
Amphipeplea = ( Limnaea) huonensis (T. Woods), Ameria 
tenuistriata var. pyramidata (Sow) = ( Physa eburnea Sow. = P. 
tasmanica T. Woods) and Ameria = (Physa) mamillara Sow. 

The recorded living and fossil (Pleistocene and Recent) genera 
common to the mainland and Tasmania include Bythinella —( B . 
nigra Q. and G., B. buccinoides Q. and G.) ; Ameria — (A. tenuis¬ 
triata var. pyramidata Sow.) ; Ancylus —( A . tasmanieus Ten. 
Woods) ; Assiminea ; Gundlacliia — (G. petterdi John.) ; Hydriella 
— (H. australis Lam.) ; Limnaea — (L. gunni Pet.) ; Planorbis — 
(P. tasmanieus Ten. Woods, P. scottiana John.) and Segmentina 
— (S. victoriae Smith). These genera are found in freshwater 
or brackish lagoons or pools. Acmea marginata (Kuster) and 
A. scalarina (Cox) are amphibious and live between tide marks; 
they can survive many weeks out of water. A. scalarina has been 
found on the raised beach at Altona in Port Phillip. Coxiella 
badgerensis (John.) is common in the salt lakes of western Vic¬ 
toria where its shells are found in layers, sometimes of consider¬ 
able thickness, on the shores of the lakes. In other parts of 
Victoria, they are the predominant form in shelly beds on the 
surface of the Newer Volcanic lavas. Incidentally Coxiella (= 
Blanfordiana ) stirlingi (Tat.) is found in the clay with Diproto- 
don at Lake Callabonna in South Australia, together with Melania , 
a brackish water shell which, too, is found in the Diprotodon 
breccias of Queensland. Melania occurs in the rivers of the 
warmer regions, and is well represented in Queensland; there is 
one Victorian species— M. balonnensis Conrad—but it is unrepre¬ 
sented in Tasmania. 

The bivalves live for the most part on infusoria or microscopic 
plants— Sphaerium and Hydriella being attracted by decaying 
animal matter. Sphaerium tasmanicum (T. Woods) is found on 
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Flinders Island, in Victoria, and in Tasmania (the Great Lake 
and at Waratah) ; it also occurs as a fossil in the freshwater lime¬ 
stone underlying the Lower Pleistocene consolidated dunes at 
Burrabong Creek near Cape Schanck, Victoria. Eydriella 
australis (Lam.) is found in Tasmania only in the rivers flowing 
northwards into Bass Strait. 

Although the earthworms are not found as fossils, Michaelson 
considers some of the Oligochaeta are most important for the 
purposes of palaeogeography. Stephenson (1930) maintains that 
they are of comparatively recent origin, and points out that, as 
their food consists of leaves and vegetable mould, they could have 
only originated after the spread of dicotyledonous plants which, 
too, took place in the Cretaceous. The recent origin of many 
present day genera, he observes, is indicated by the extraordinary 
variability of their species: the differentiation of the several 
families, and the evolution of the numerous genera, have occurred 
in the Tertiary and Quaternary. He cites the subfamily Megasco- 
lecinae, in a number of which the perichaetine arrangement of the 
setae is a fairly recent acquirement. This subfamily is typical of 
Australia and India, but is found to a lesser extent in the Malay 
Peninsula and Archipelago, the Philippines, China, Japan, Poly¬ 
nesia, and North America. The following is, as far as know, a 
tabular comparison of its Australia distribution: 

Genera Tasmania. Victoria. N.S.W. Queensland. 

Plutellus .... — — — 

Megascolides .. — — — 

Spenceriella .. — 

Notoscolex .. — — — — 

Megascolex .. — — — — 

Eiporochaeta .. — — 

Perionyx .... — — 

Digaster .... — — 

Perissogaster .. — — 

Didymogaster .. — 

Pheretima .. — 

JDiplotrema .. — 

Spencer (1900) states that Megascolides and Diporochaeta are 
distinctly characteristic of Victoria (and Tasmania), the first- 
named spreading to a slight extent up the east coast of Australia 
(Spencer, 1892). The two genera are striking evidence of a 
former land connection between Victoria and Tasmania. 

Stephenson (1930) points out that earthworms must depend 
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on their own activities to migrate to new regions, and the migra¬ 
tion is consequently slow: the transference of cocoons by 
adventitious means is improbable. They cannot pass over moun¬ 
tain ranges that are bare of vegetation or covered by ice and snow, 
cannot live in desert tracts where there is an absence of moisture 
and organic matter, or migrate over arms of the sea. Some genera 
are restricted to warmer climates, while ice and snow, if they cover 
a region for a long period, cause their extermination. The 
earthworm population disappeared in those parts of Europe 
covered during the Ice Age, and those on the fringe are now 
spreading northwards: Spencer mentions his difficulty in obtaining 
earthwoims near the glacial tain of St. Clair in Tasmania, pre¬ 
sumably due to the former ice cover during the Margaret 
glaciation. It is evident that a land bridge was essential for the 
migration of earthworms from Victoria to Tasmania, and it was 
once covered with a mesophytic flora, implying the existence of a 
moist or wet climate and a continuous belt of ordinary humus. 
Perionyx is found only in regions of heavier rainfall—in Aus¬ 
tralia, in the cooler wet portions of Victoria and Tasmania, or 
the tropical rain belt of the north. That the migration was 
southwards is suggested by the fact that the root genus of the 
Megascolecinae is Diplotrema found in Queensland and New 
.Caledonia, and Queensland is thought to be the centre from which 
its distribution took place. 

Spencer (1896) found in Central Australia a single species of 
earthworm, one of the Acanthodrilinae-Acanthodrihis eremius, 
Spencer in patches of damp black earth in the George Gill, 
McDonnell, and James Ranges. These patches were surrounded 
by a wide tract of desert country quite impassable to earthworms, 
and he considered A. eremius to be the only surviving species of 
the earthworm population of Central Australia before its climate 
changed and its desiccation ensued; the Acanthodrilids migrated 
to the tropical rain belt, or to the highlands of the south-east. 
They are found in north, north-east, and north-west Australia— 
for the most part in the tropical rain belt—also in the south-west, 
the cool rain belt; but on Mt. Kosciusko, the highest part of 
Australia, quite a different population is found belonging to the 
Tubificidae and Phereodrilidae which almost certainly existed 
when the Acanthodrilids prevailed in Australia. 

The probable absence of ordinary humus on the eustatic land 
bridges was a barrier to migration; the Megascolecinae passed 
over to Tasmania on one of the more permanent land surfaces, 
presumably that during the Yolande or Riss glacial stage in the 
Middle Pleistocene. 
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Peripatus insignis is found in Victoria and Tasmania beneath 
the bark of old stumps, in rock crevices, and under stones. 

Two of the freshwater fishes Gadopsis marmoratus Rich., the 
River Blackfish, and Galaxias attenuatus Jenys, the Jollytail, 
have a distribution that suggests a migration in streams from the 
mainland and Tasmania, that joined a trunk stream emptying 
into the Southern Ocean—the Tamar Major River. The first 
species is confined to the rivers from the mainland and from 
northern Tasmania emptying into Bass Strait; the second in the 
streams of King Island, southern Victoria and Tasmania. It is 
an interesting fact that the Jollytail is also found in New Zealand, 
Chatham Island, the Falkland Islands, and Chili. 

The frogs Lymnodynastes peronii (I). and B.), L. tasmanensis, 
Gunth., Hyla peronii (Bibron), H. aurea (Less), and II. civingii 
(D. and B.) are all common to Victoria and Tasmania, and II. 
aurea and Lymnodynastes peronii to King Island. 

The following living (L) and fossil (F) marsupials are found 
in Tasmania, the Bass Strait Islands, or Victoria: 

Tasmania Bass St. Ids. Victoria 

Diprotodon australis Owen . . 

D. longiceps McCoy 
Nototherium mitchelli Owen F 

N. inerme Owen 
N. victoriae Owen 
N. tasmanicum Scott .. .. F 

Tricliosurus fuliginosus 

(Ogilby) . L 

T. vulpecula (Kerr) .. L 

T. caninus (Ogilby) .. L 

Pseudochirus cooki (Desm.) .. L 

Hypsiprymus spelaeus Owen 
II. trisulcatus Owen .. .. F 

Thylacoleo carnifex Owen . . 

Thylacinus cynocephalus 

(Harris) .. • • • • L 

T. rostralis De Vis 
Procoptodon golialn Owen 
Macropus kennetti Water .. L 

M. killardieri (Desm.) .. L 

M. titan Owen. 

M. pan De Vis 
M. magister De Vis 
M. faunus De Vis 


F 

F 

F 


F 

F 

F 

F 

F 


L 

L 


L 

L 


L 
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F 
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M. gigcmteus (Zim.) 

Palorchestes azael Owen .. F 

Sthenurus atlas Owen 
S. hr elms Owen 
Dasyurus affinis McCoy 
Dasyurus viverrinus (Shaw) L 

D. maculatus (Kerr) .. L 

I), bowlingi Spoil. & Ker. 

D. sp. 

Sarcophilus ursinus (Harris) L 

Phascolomys pliocenus 
McCoy 

P. ursinus (Shaw) 

P. mitchelli Owen 

P. tasmaniensis Spen. & Ker L 

Zaglossus harrissoni Scott . . 
Potorus tridactylus (Kerr) .. L 

Isoodon obesulus (Shaw.) .. L 

Parameles gunni Gray .. L 

Phascogale stvainsoni Water .. L 

Smintliopsis Icucopus (Gray) L 

Ornithorhynchus anatius 

(Shaw) . . . . .. L 

Dromicia nana (Desm.) .. L 

Tachyglossus setosns (Geoff) L 


F 


L 

F 


L 


F 

L 


L 

L 


L 

F 

F 

F 

F 

L 

L 

F 

? 

F 

L 


L 

L 

L 

L 

L 

L 

L 


The fossil bones from Bass Strait Islands assigned to Macropus 
gigantcus might well belong to M. tasmaniensis Le Souef, in 
which case the migration, if it occurred, was from Tasmania. 

Of the above mentioned marsupials, the Great Kangaroo or 
Forester is found in open forest; Bennett’s Wallaby and the 
Rufous-bellied Wallaby are also scrub forest dwellers, the former 
a hardy species thriving in a cold climate. The rat-kangaroo is 
found in all kinds of country except the heavy tropical scrubs of 
north-east Australia and swampy tracts. The opposuins are arbo¬ 
rescent, living in forest or scrubby country, and feeding on scrub 
foliage, particularly the eucalypts. The Marsupial Wolf, Tas¬ 
manian Devil, Tiger Cat and Native Cat likewise live in scrub 
forest country, the Native Cat also frequenting the coast line 
particularly the thick cover of the estuaries. The coarse-haired 
wombats of the ranges of south-eastern Australia and Tasmania 
are forest animals. The phascogales are largely insectivorous but 
feed, too, on small animals, birds, lizards, etc. The carnivorous 
Marsupial Wolf, Tasmanian Devil, and Native Cats prey on 
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wallabies, rat-kangaroos, ground birds, etc. The wombats live 
on grass, the bark of certain trees and shrubs, particularly 
eucalypts, native cherry and sword grass, and fungi. The echidna 
or spiny ant-eater is found in rocky country in open forest or 
scrub. The living species of Zaglossus found fossil in Tasmania 
are now restricted to New Guinea. 

The platypus is aquatic, and is found along most rivers in 
eastern Australia on both sides of the Dividing Range as well as 
in many rivers and lakes in Tasmania and the streams of King 
Island. It collects its food under water—small aquatic insects, 
worms, Crustacea, etc—on the river or lake beds. 

The remains of the food of Diprotodon found with its skeleton 
at Lake Callabonna, South Australia, consisted of small twigs and 
stems, but this may have been a starvation diet—the only food 
available in a region that had become arid (Stirling 1900). 

Pleistocene Land Bridges 

The Yolandean land surface that joined the mainland with 
Tasmania in the Yolandc or Riss Pleistocene stage was, during 
the previous interglacial stages, beyond the reach of the eustatic 
rises of sea level: it was not until tectonic subsidence brought it 
within range in the subsequent interglacial stages that it was 
flooded. Along the eastern and western sides of this land surface, 
a short distance inland from the shores of the Tasman Sea and 
Southern Ocean, were two orogcnic ridges trending S.S.W. The 
only remnants of the ridge ou the east—the so-called Bassian 
Isthmus—are the islands between Wilson’s Promontory in 
Victoria and Cape Portland in Tasmania, including the Furneaux 
and Kent Groups; that on the west extended from the Mornington 
Peninsula in Victoria to Cape Grim, the north-west extremity 
of Tasmania, and passed through King Island and the Hunter 
Group. Between these two ridges was the wide, mature valley 
of the middle reaches of the Tamar Major River, and between 
the King Island ridge and the Otway Peninsula were its lower 
reaches and estuary—the lowest part of the Bass Strait Sunkland. 

The surface of the Tamar Major River basin was one of low 
relief. The physiognomy of its vegetation inferred from the 
ecology of the living and fossil faunas of both the islands of Bass 
Strait and Tasmania, on the assumption that they migrated from 
the mainland, was that of an open forest and a forest with strata 
of from taller to dwarf shrubs, herbs, and grass land. The food 
of the animals indicates the presence of insects, reptiles, birds, 
ants, land shells, fungi, etc., and of earthworms, implying the 
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existence of ordinary humus. The distribution of the freshwater 
mussel, the River Blackfish, and the platypus indicates rivers 
flowing from the mainland and Tasmania, joining a trunk stream 
having an outlet into the ocean. The presence of freshwater 
pools, swamps, and billabongs is implied by the migration of the 
frogs, etc. 

This is the ecology of a long-established flora and fauna. The 
open forest was probably on the interfluves of the Tamar Major 
River and its tributaries. The denser forest, it is assumed, was 
on the river flats and the estuary, and was comparable to that in 
the Otway Peninsula and Gippsland in Victoria, and to that of 
northern Tasmania behind the psammaphilous vegetation of the 
shore line. There is, however, evidence that the whole surface 
of the interfluves was not covered with soil: in the National 
Museum of Victoria collection at Melbourne is a piece of polyzoal 
limestone, weighing about 2 cwt., dredged by the Endeavour many 
miles south of the mainland. 

During the post-Yolandcan subsidence of the land surface the 
eastern and western ridges became, during the interglacial stages, 
the Bassian Isthmus and the King Island Isthmus, and, with 
continued subsidence, the Bass Strait islands; the King Island 
Isthmus was the first to be breached. These islands mark the 
higher points of the land bridges, and much of them has never 
been submerged; on them are found, too, survivals of the Bassian 
fauna, and probably the flora, both living and extinct. The lower 
reaches of the Tamar Major River were the first to be flooded 
from the Southern Ocean, and this flooding gradually inundated 
the middle reaches and its tributaries. Hedley (3913), discussing 
the marine mollusca of the waters of south-eastern Australia, 
noted the decided difference between the faunas east and west 
of the Bassian Isthmus, and proposed the terms Peronian and 
Adclaidcan for them. Considerable interchange has, he states, 
taken place since the Bassian Isthmus was breached, accelerated 
by the westerly winds and currents. While these are partly 
responsible, the fact that the western end of the Bass Strait 
Sunkland was flooded first is the main reason. Hedley did not 
visualise the Port Phillip Sunkland or the King Island Isthmus. 

Although the Bassian Isthmus seems to have been a land 
connection of considerable width and elevation—the highest peak 
in the Furneaux Group rises to a height of 2,550 feet and the 
last to be breached, it lias, so far, yielded few fossil remains of 
mammals. Most of the evidence of the fossil fauna comes from 
the King Island Isthmus — from King Island itself, or from 
Mowbray Swamp in Tasmania, at the southern end of the 
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Isthmus. It would seem, therefore, that the King Island Isthmus 
was a main route for migration. 

It is axiomatic that, if an herbivorous fauna passes over a land 
bridge, its passage must have been preceded by a migration of the 
flora. The Yolandcan land surface was covered with an old and 
well established flora, but on the eustatic land bridges a new flora 
had to come into being. Conditions affecting the birth of this 
new flora were regulated by the nature of the land surface and 
the climate. 




FIG. 16. 

The Ranges of the Pleistocene Climates in South-East Australia. After Griffith Taylor (1919). 


Regarding the latter, the period was one of changing climate: 
there were successive cool moist and cold wet periods, during 
which glacial conditions existed in the Tasmanian highlands. 

“Ecologically, Tasmania is connected,” states Patton (1930), 
“with the three heavy rainfall areas (of Victoria), South Gipps- 
land, Otway and the Wai'burton-Healcsville area,” the first two 
bordering on Bass Strait; elsewhere he states that the vegetation 
of the two areas is similar, and passes down into Tasmania. They 
carry a close-canopied rain forest consisting of several strata. 
The rainfall of the glacial stages was certainly greater than it is 
now, and the Bassian flora grew on a well-watered land surface. 
He also points out that these heavy rainfall areas in Victoria are 
the meeting places of Antarctic and Malayan elements, the first 
by Nothofagus and Lomalia Fraseri occurring in Tasmania and 
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exclusively southern climates, the second by tree ferns, sassafras, 
and other forms. 

The floor of Bass Strait between the Bassian and King Island 
ridges suggests a peneplain. After it had been exposed to aerial 
conditions during the lowering of sea level in the glacial stages, 
much of it probably became a dune surface; it owes its slightly 
undulating surface to the flattening effect of wave action during 
the succeeding eustatic rise of sea level. Daly (1934) estimated 
that sea level was lowered 295 feet during the last glacial stage, 
and this uncovered most of the floor of Bass Strait. It exposed 
two types of sea-bottom—an inshore one, the dune surface of the 
Nepean Bay Bar extending 13 miles seawards from the southern 
shore of the Nepean Peninsula and of a total width of more than 
15 miles, and an offshore sea-bottom to the south of this, the gently 
undulating surface of the Tamar Major River basin on which the 
Nepean Bay Bar was built up. During the glacial stages—the 
Yolande or Riss (in part), and the Margaret or Wurm 1, 2 and 3, 
there were presumably four land bridges—partly or completely 
uncovered sea-bottoms of these two types. The Nepean Peninsula 
up to the advent of the white settler had a representative 
marsupial fauna. Marsupial remains have also been found in the 
dune rock, some of extinct species, and it can be inferred that the 
psammiferous flora now on the Peninsula persisted during dune- 
building periods of the glacial stages. This flora is calciphilous, 
a characteristic to be expected from the limestone surface, but it 
owes its presence to the open texture, aeration, and low water¬ 
holding capacity of the surface. Mr. J. H. Willis, Botanist of the 
National Herbarium, has kindly supplied me with the following 
list and facts concerning species from near Sorrento, obtained by 
him in January; the list may be taken as representative of the 
limestone area. 

Spinifex hirsutus Lab., also Kin" Is. and Tasmania. 

Distichlis distichcphylla (Lab.) Fasset. 

Poa poaeformis (Lab.) Druce, also King Island and Tasmania. 

Agrosiis avenacea Gmelin. 

?A. Billardieri R.Br., also King Is. and Tasmania. 

Stipa teretifolia Steud., also King Is. and Tasmania. 

Scirpvs nodoms Rott., also King Is. and Tasmania. 

Casuarina stricta Ait., King Is. and Tasmania. 

Muchlcnbcckia adpressa Meisn, also King Is. and Tasmania. 

Rhagodia baccata Moq., also King Is. and Tasmania. 

Atriplex cincrcum Poir., also King Is. and Tasmania. 

Disphyma (Mescmbryanthermim) australe (Sol.) Black, also King Is. and 
Tasmania. 

Carpobrotus ( Mcsembryanthemum ) aequilaterus (How.) King Is., also Tas¬ 
mania. 
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Tetragonia implexicoma Hook., also King Is. and Tasmania. 

Clematis microphylla D.C., also King Is. and Tasmania. 

Cassytha pubcseens R.Br., also King Is. and Tasmania. 

Bursaria spinosa Cav., also King Is. and Tasmania. 

Aeaena sanguisor'ba Valil., also King Is. and Tasmania. 

Aeacia rhetinodes Schleclit., neither in Bass St. Islands nor Tasmania. 

A. soidiorae R.Br., also King Is. and Tasmania. 

Swainsoiia tessertifolia D.C., also King Is. and Tasmania. 

Pelargonium australe Wild., also King Is. and Tasmania. 

Zygophyllum Billardieri D.C., also in Bass St. Islands, but not Tasmania. 

Correa alba Andr. 

Beyeria Leschcnaultii (D.C.) Baill., also King Is. and Tasmania. 

Pomaderris raeeniosa Hk., and north coast of Tasmania. 

Pimelea serpyllifolia R.Br., also Bass St. Islands, but uncommon in Tasmania. 
Leptospermum laevigatum (Gaertn.) F.v.M., also King Is. and Tasmania. 
Melaleuca pubeseens Schau., not on Bass St. Islands or Tasmania. 

Leucopogon parviflorus Lindl., also King Is. and Tasmania. 

Samolrn repens Pcvs., also King Is. and Tasmania. 

Alyxia buxifolia R.Br., also King Is. and north coast of Tasmania. 

Myoporum insulare R.Br., also King Is. and Tasmania. 

Olearia axillaris F.v.M., also Bass St. Islands and north coast of Tasmania. 

0. glutinosa (Benth.), also Bass St. Islands and north coast of Tasmania. 
Brachycoine parvida Hk. 

Helichrysum einereum F.v.M., also King Is. and Tasmania. 

Calocephalus Brownii F.v.M., also Bass St. Islands and north coast of Tasmania. 
Sonehus megalocarpus (Hk.) Black, also King Is. and Tasmania. 

Stipa elatior (Benth.) Hughes, also Bass St. Islands. 

Callitris tasmanica (Benth.) Baker et Smith, also Bass St. Islands and lasmania. 
Lepidosperma gladiatum Lab., also King Is. and Tasmania. 

Melaleuca pubeseens is the dominant shrub on the Nepean 
Peninsula. Although the migration is generally southwards, one 
species, Gynthodes accerosa R.Br., not occurring on the Nepean 
Peninsula, suggests a northward migration. It is a Tasmanian 
shrub found at only two points iu Victoria, on the high gianitic 
cliffs at Wilson’s Promontory and Cape Woolamai. 

It will be noted that, iu the above list, Eucalyptus does not 
appear. The author, during his geological survey of a large 
portion of the limestoue surface of the Nepean Peninsula, noted 
its absence and the prevalence of Melaleuca and Leptospermum. 
In regard to the absence of eucalypts, the Peninsula differs from 
the limestone surface at Buchan in eastern Victoria, which is 
lightly timbered with two species of it. Many of the forms ot the 
Cheltenham Flora (Patton, 1932) on the shore of Port I hillip 
further north, are absent, due no doubt to t.lieir development on 
siliceous sandy beds containing very little lime. 

The Nepean Peninsula vegetation is not that ot a dune nora, 
although the dune topography has been preserved, hence the local 
name “The Cups,” for the area: the dunes have been consolidated 
with little alteration to their contours. Incidentally, it may be 
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mentioned that the moving dunes on the King Bay shore have 
been formed since the occupation of the area by the white settlers, 
one of whom informed the author that they started to accumulate 
when the timber was thinned out in the sixties of last century; 
previous to this, the surface to high water mark was hard lime¬ 
stone. His statement was verified by the exposure, after the sand 
had been redeposited by a gale, of an old fence and Banksias 
bearing on their branches partly calcified leaves. 

There is a similarity between the Nepean Peninsula flora and 
that of Deal Island, one of the Kent Group. Le Souef (189.1) 
states that on the lower parts of it is thick, tussocky grass and 
on the higher ground a dense, short scrub, consisting principally 
of Melaleuca, ti-tree (Leplospermum ), slicoak, a small species of 
Eucalyptus, a pine identified as Callilris (a rainfall-deficiency 
genus), Banhsia, Acacia, and others. This flora grows on the 
llelicidae Limestone, a member of a dune series, and the presence 
of Melaleuca suggests its affinity to the Nepean Peninsula flora, 
of which it may be a surviving remnant. 

The periods over which the various eustatic land bridges 
existed, more particularly those through King Island, were 
limited by the rate and amount of tectonic subsidence that was 
going on during the fall and rise of sea level. With the increase 
of subsidence towards the close of the Pleistocene, the life of the 
land bridges became successively shorter. Nature, states Ridley 
(1980), never allows an area, on which plants can grow, to remain 
bare for any appreciable length of time. Their appearance on a 
new soil is influenced mainly by the character of the soil or 
surface, its humidity or dryness, and the kinds of plants in the 
vicinity, and is not a criterion of the amount and class of seed 
which falls on the spot. Nevertheless, the xerophytic flora of Mud 
Islands in Port Phillip Bay, about 5 miles north of Sorrento, has 
been either wind-borne or sea-borne. It grows on sand or shelly 
beds, the surface of which was submerged by the rise of sea level 
during the postglacial, and uncovered again by the recession now 
in progress; it is about 3,000 years since the Mud Islands emerged. 

Summary 

Many attempts have been made to fix the times of the glacial 
stages of the Ice Age, and there is a diversity of estimates. There 
is, however, some agreement in fixing the time of the last glacial 
stage at about 18,000 years ago. This is so dated by Zeuner (1935), 
who bases his estimate on the solar radiation curve. The Yolande 
Glacial Stage of Tasmania is here taken to be the equivalent of 
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the Riss Stage of Europe, dated by Zeuner (1935) at about 183,000 
years ago. Before, and in the first part of the Yolande Glacial 
Stage, the whole of what is now the floor of Bass Strait was a land 
surface—the south-eastern extension of the Australian mainland, 
including Tasmania; it was not until after that time that the 
waters of the Southern Ocean began to flood the area, it was a 
surface of low relief, similar to the gently undulating countryside 
on the east shore of Port Phillip north of the Carrum Swamp, 
and extending inland to the Gippsland railway. It was drained 
by the Tamar Major River, consisting, in parts, of the existing 
Tamar River, its former now submerged middle reaches extending 
north-west towards the Momington Peninsula in Victoria, and 
its lower reaches extending formerly from near the Momington 
Peninsula, south-westerly, and entering the Southern Ocean 
between Cape Otway and King Island. The Tamar Major River 
was a large stream flowing over wide river flats, and receiving 
tributary streams from both Tasmania and Victoria. Near the 
shore of the Tasman Sea was the Bassian Ridge trending north¬ 
easterly from what is now Cape Portland in Tasmania to Wilson’s 
Promontory in Victoria, and towards its western side was the 
King Island Ridge separating the middle reaches of the Tamar 
Major from its lower reaches. On both sides oi: the river flats 
was a gently rolling countryside covered with open forest: on the 
river flats was a denser forest comparable to that of the Otway 
Peninsula or Gippsland, consisting of tall timber with strata 
of smaller trees and shrubs; but in places there were natural 
clearings with swamps and billabongs. In the open forest, the 
animal life was like that at present in a similar environment, 
and consisted of kangaroos (including the forester), wallabies, 
opossums, bandicoots, phalangers, native cats, echidnas, many 
kinds of reptiles, a diversified bird and insect population, and 
others. There were, too, animals now extinct, including the Giant 
Kangaroo, Procoptodon, Palorchestes, Sthenm us, and Zaglossus 

_the large ant eater. The Tasmanian "Wolf and Tasmanian Devil, 

not now found on the mainland, frequented the forests, and the 
Giant Lizard, reputed to have attained a length of 20 feet, was 
probably present. On the river flats were to be found the wallaby, 
wombat, opossum and platypus, and, in the rivers themselves the 
same species of fish now found in streams emptying into Bass 
Strait from both Victoria and Tasmania. In the swamps and 
billabongs were amphibians and crustaceans also of species now 
common to the two regions. In the initial stages of the subsidence 
of the Yolandean land surface, the lower reaches of the Tamar 
Major River were flooded. 
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As the subsidence proceeded, its middle reaches were flooded, 
and the configuration of the land was then that of a long peninsula 
—the unsubmerged part of the King Island Ridge—extending 
northerly from Cape Grim, at the north-west corner of Tasmania, 
almost to the Mornington Peninsula. The isthmus following the 
trend of the Bassian Ridge on the east remained intact; it was 
not until it was breached later that Bass Strait became a reality. 
Now, the only remnants of the land bridges are the islands at the 
east end of the Strait, the Kent Group, the Furneaux Group and 
others, and at its west end King Island and the Hunter Group. 

The falls of sea level during the glacial stages following the 
Yolande Stage re-establishsed the Bassian Isthmus and the King 
Island Isthmus as land bridges. These were of a temporary 
nature, but lasted long enough for the flora and fauna to migrate 
to and from Tasmania and Victoria. Four of these bridges are 
presumed to have existed, the last less than 18,000 years ago. 
Although they were land routes, migration, for the most part, took 
place at the beginning of or before the Yolandean Stage. 

It is a matter of common interest that Port Phillip Bay 
assumed its present form quite recently—about 9,000 years ago. 
It existed before in many forms, but was never as extensive as it 
is now. As sea level has been falling during the last 9,000 years, 
the Bay is gradually becoming shallower: its level has fallen 
about 3 inches since Collins landed at Sorrento in 1803. 
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